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(57) This invention relates to a metal part and other 
surface modification method suitable for the machining 
industry in which shot peening is typically used to refine 
the surface of a metal part (to introduce compressive 
residual stresses, to enhance fatigue strength, to hard- 
en the workpiece) and for fields in which parts need be 
cleaned. According to the present invention, Workpiece 
W is placed within a first vessel which is filled with a fluid. 



The first vessel is pressurized by controlling the flow rate 
of the fluid flowing in the first vessel from a Nozzle 4 
distant from said workpiece on the surface and of the 
fluid flowing from the first vessel. Thus, the collapsing 
impact force of cavitation bubbles is increased so that 
the machined part will have its surface strengthened and 
cleaned by applying a peening effect to the surface of 
the part with said impact force. 
[Figure 1] 
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Description 

Field of Art: 

[0001] This invention relates to a method of refining 

(peening) metal part surfaces, such as for gears, 
springs, and molds, and to a device in which such meth- 
od is implemented. More specifically, it relates to a metal 
part surface modification and cleaning method and the 
device using this method which is especially suitable for 
the machining industry where shot peening is typically 
used to improve metal part surfaces (e.g., to fonri com- 
pressive residual stresses, enhance fatigue strength, 
harden the workpiece) and for use in fields where parts 
need to be cleaned. 

Background of the Art: 

[0002] Conventionally, shot peening has been used 
to improve a variety of metal part surfaces to fonn com- 
pressive residual stresses, enhance fatigue strength, 
harden the workpiece, etc. 

[0003] More recently, to impede stress corrosion 
cracking and protect materials in critical applications, 
such as a nuclear reactor vessel, against such cracking, 
there is also a technique available to suppress the re- 
sidual stresses on the surface of a workpiece using cav- 
itation generated by injecting water into water via a noz- 
zle comprising two or more throats. 
[0004] This technique to improve metal part surfaces, 
however, has been disclosed as if it utilized the collaps- 
ing impact force of cavitation. Nevertheless, it has been 
used practically while being confused with a "general 
water jet", which has a "cavitating jet" that is injected 
into the air. 

[0005] In other words, the use of the "general water 
jet" has assumed that the surface peening level (Intro- 
duced residual stress value, improved fatigue strength 
level, surface hardening grade, etc.) is dependent upon 
the pressure of the water injected. On such an assump- 
tion, an expensive high-pressure pump is employed to 
increase the pump discharge pressure. Nevertheless, 
satisfactory treatment capability has remained unattain- 
able from the viewpoint of surface treatment, Further- 
more, there have been some other problems awaiting 
solution. The factors which may govern a cavitation col- 
lapsing impact force in the surface modification process 
are not yet fully understood. And neither the collapsing 
impact force of the cavitation bubble nor the cavitation 
jet's surface treatment effect have been effectively uti- 
lized. 

[0006] The inventor of the disclosure specified herein 
has therefore proceeded with studies on the collapsing 
impact force of the cavitation bubble and on the cavitat- 
ing jet's surface modification phenomenon. As a result, 
it has been verified that the collapsing impact force of 
the cavitation bubble and the cavitating jet's surface 
modification effect (improving residual stresses, hard- 



ening the workpiece and enhancing fatigue strength) 
are dependent upon not only the pressure of the pres- 
surized water but also on the pressure of the water tank 
in which the workpiece is placed, that for the ratio of 

5 pressurized water pressure to water tank pressure an 
optimum value exists, that the cavitation collapsing Im- 
pact force increases and decreases according to the 
temperature of the fluid, and that the cavitation collaps- 
ing impact force could be increased if the conditions re- 

10 ferred to above were satisfied. 

[0007] The present invention has been made, based 
on such knowledge referred to above. The workpiece to 
be treated is located in a tank filled with a fluid, such as 
water or oil. And the workpiece Is treated by injecting a 

15 cavitating jet. To increase the cavitating jets treatment 
capability, moreover, the tank in which the workpiece is 
located is pressurized and controlled by pressurization 
in a short time. Thus, the present invention provides a 
method and its device for peening and cleaning metal 

20 part or other surfaces, pennitting a metal part to be im- 
proved on the surface. 

[0008] Furthermore, to inject a cavitating jet onto the 
workpiece to be treated, a freely movable pressurizing 
vessel is provided for the present invention to comprise 
25 a method and device for peening and cleaning the sur- 
faces of metal and other parts which are capable of 
treating the surface of a large-sized structure. 
[0009] A pressurizing section is formed in a pipe to 
inject a cavitation jet. Thus, the present invention pro- 
30 vides a method and device for peening and cleaning the 
surfaces of metal and other parts, which would allow the 
internal surface of the pipe to be treated and cleaned 
while moving the section along the internal surface of 
the pipe. 

35 [0010] And the present invention aims to use the 
above-mentioned cleaning method and device to re- 
solve the problems mentioned above. 

Disclosure of the Invention: 

40 

[0011] To this end, the problem-resolving means em- 
ployed in the present invention include: 
[0012] A metal part and other surface modification 

and 

45 [0013] cleaning method, in which the part to be treat- 
ed is placed within a first vessel which is filled with a 
fluid, which flows in the first vessel located at a distance 
from the surface of said part and flows from the first ves- 
sel, with this fluid's flow rates controlled to pressurize 
50 the first vessel to increase the collapsing impact force 
of the cavitation bubble, which is in turn used to apply a 
peening effect to the surface of the part to strengthen 
and clean the surface of the treated part. 
[0014] A metal part and other surface modification 
55 and cleaning method, in which the part to be treated is 
placed within first vessel, which is filled with a fluid, and 
said first vessel is placed within a second vessel which 
filled with a fluid to generate cavitation by injecting pres- 
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surized fluid from a nozzle distant from said part on the 
surface so that the collapsing impact force of the cavi- 
tation bubble may be used to strengthen and clean the 
surface of the treated part by applying a peening effect 
to the surface of the part. 

[0015] A metal part and other surface modification 
and cleaning method, in which a first vessel is pressu- 
rized by controlling the flow rates of both fluids flowing 
in and out of said first vessel to increase the collapsing 
impact force of the cavitation bubble and strengthen and 
clean thetreated part by applying a peening effect under 
such impact force. 

[0016] A metal part and other surface modification 
and cleaning method, in which a substance with differ- 
ent acoustic impedance is inserted between said first 
and second vessels. 

[0017] A metal part and other surface modification 
and cleaning method, in which the temperature of the 
fluid in said first vessel is controlled by controlling the 
temperature of the fluid that fills the space between said 
first and second vessels. 

[0018] A metal part and other surface modification 
and cleaning method, in which the cavitating jet to be 
injected into a first vessel is sent to the cooling means 
from the first vessel and returned to a cavitating jet pump 
after being cooled by said cooling means. 
[0019] A metal part and other surface modification de- 
vice composed of a first vessel capable of accommo- 
dating the part to be treated, a lid that hemnetically en- 
closes the first vessel, a second vessel capable of ac- 
commodating said first vessel, a nozzle to inject a pres- 
surized fluid into the pressurized fluid, a flow control 
valve to control the jet pressure from said nozzle and a 
pressure control valve to control the fluid pressure in the 
first vessel. 

[0020] A metal part and other surface modification de- 
vice provided with two or more said nozzles, with said 
second vessel configured to have a larger depth than 
the height of the first vessel. 

[0021] A metal part and other surface modification de- 
vice, in which a substance with different acoustic imped- 
ance is arranged between said first and second vessels. 
[0022] A metal part and other surface modification de- 
vice whose lid on said first vessel is closed with a spec- 
ified force. 

[0023] A metal part and other surface modification de- 
vice provided with a means of heating orcooling the fluid 
in said second vessel. 

[0024] A metal part and other surface modification de- 
vice, in which said part to be treated is loaded on a car- 
riage to carry it. 

[0025] A metal part and other surface modification 
and cleaning method, in which a first vessel, which is 
filled with a fluid, is placed on the part to be treated and 
the fluid is flowed into said first vessel to pressurize the 
first vessel in the interior, with the collapsing impact 
force of the cavitation foam increased by injecting the 
pressurized fluid to generate cavitation into said first 



vessel which is pressurized so that the surface of the 
part to be treated can be strengthened and cleaned by 
applying a peening effect to the part under said impact 
force. 

5 [0026] A metal part and other surface modification 

and cleaning method, in which the part to be treated is 
installed in a first vessel, which is filled with a fluid, which 
is in turn flowed into said first vessel to pressurize said 
first vessel in the interior, with the collapsing impact 

10 force of the cavitation bubble increased by injecting the 
pressurized fluid to generate cavitation in said first ves- 
sel which is pressurized so that said impact force is used 
to strengthen and clean the surface of the treated part 
by applying a peening effect to the part. 

15 [0027] A metal part and other surface modification 
and cleaning device equipped with a first vessel placed 
on the part to be treated, with a nozzle to inject a pres- 
surized fluid into the first vessel, and with a nozzle to 
inject a cavitating jet into the pressurized fluid in the first 

20 vessel so that the collapsing impact force of the cavita- 
tion bubble can be used to strengthen and clean the part 
to be treated on the surface by applying a peening effect 
to the surface of the part. 

[0028] A metal part and other surface modification 
25 and cleaning device composed of said first vessel, a 
nozzle to pour a pressurized fluid into first vessel, and 
a nozzle to inject a cavitating jet into the pressurized 
fluid in the first vessel. 

[0029] A metal part and other surface modification 
30 and cleaning device configured to control the pressure 
of the fluid in said first vessel by a fluid pressure regu- 
lator means such as a valve or the like. 
[0030] A metal part and other surface modification 
and cleaning device, in which said part to be treated is 
35 immersed in the fluid in the second vessel. 

[0031] A metal part and other surface modification 
and cleaning device, in which said part to be treated is 
placed above the surface of the fluid filled in the second 
vessel. 

40 [0032] A metal part and other surface modification 
and cleaning device provided with a means of cooling 
the cavitating jet fluid to be poured into the first vessel. 
[0033] A metal part and other surface modification 

and cleaning device, in which a pressurized fluid is 
45 poured Into said first vessel to effectively surround the 
cavitating jet fluid. 

[0034] A metal part and other surface modification 
and cleaning method, in which the part to be treated, 
such a pipe-shaped part or conduit, has a fluid-pressu- 
50 rizing chamber formed in the pipe or conduit to inject a 
cavitating jet into such pressurized fluid and to increase 
the collapsing impact force of the cavitation bubble so 
that the internal surface of the pipe may be strengthened 
and cleaned by using such impactforce to apply a peen- 
55 ing effect to the internal surface of the pipe. 

[0035] A metal part and other surface modification 
and cleaning device equipped with first and second 
members to form a fluid-pressurizing chamber in a pipe 
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or conduit, with a nozzle to pour a pressurized fluid be- 
tween said first and second members, and with a nozzle 
to inject a cavitating jet into said fluid pressurizing cham- 
ber, to strengthen and clean the surface of the treated 
part by using the collapsing impact force of the cavitation 
bubble to apply a peening effect to the surface of the 
part. 

[0036] A metal part and other surface modification 
and cleaning device, in which either the first member or 
the second member is provided with a fluid pressure 
regulator means to regulate the fluid pressure in the flu- 
id-pressurizing chamber, 

A Brief Description of the Figures: 

[0037] 

Figure 1 is a block diagram of the surface modifica- 
tion device involved in a first embodiment of the 
present invention. 

Figure 2 is a block diagram of the surface modifica- 
tion device involved in a second embodiment of the 
present invention. 

Figure 3 shows the press urization data relating to 
the present invention. 

Figure 4 is a block diagram of the surface modifica- 
tion device involved in a third embodiment of the 
present invention. 

Figure 5 is a block diagram of the surface modifica- 
tion device involved in a fourth embodiment of the 

present invention. 

Figure 6 illustrates the method of pressing a work- 
piece against the first vessel in Figure 5. 
Figure 7 is a block diagram of the surface modifica- 
tion device involved in a fifth embodiment of the 

present invention. 

Figure 8 Is a block diagram of the surface modifica- 
tion device involved in a sixth embodiment of the 
present invention. 

Figure 9 shows the compressive residual stresses 
that have arisen from treating a steel using the 
present invention. 

Figure 1 0 shows the compressive residual stresses 
that have arisen from treating a carburized gear ma- 
terial using the present invention. 
Figure 11 depicts an example of workpiece harden- 
ing. 

[0038] Based on the figures, the embodiment forms 
of the present invention are described in detail below. 
[0039] Figure 1 is a block diagram of the metal part 
and other surface modification device involved in the 
first embodiment. 

[0040] In Figure 1, 1 is the first vessel, which permits 
a workpiece to be delivered and enter with ease, being 
configured to be hermetically sealable by means of a 
Lid 2, to reform the surface of the workpiece. 
[0041] A second vessel 3 which is capable of accom- 



modating same first vessel 1 , and is formed to have a 
larger depth than the height of the first vessel so that it 
can form appropriate Space S in the periphery of the 
first vessel. 

5 [0042] 4 is the nozzle to inject a cavitation jet into the 
first vessel 1 . 

[0043] 5 istheconduitto supply the nozzle with a high- 
pressure fluid from the first vessel 1 . 
[0044] 6 is a control valve to regulate the high-pres- 
to sure fluid flow rate. 

[0045] 7 is a conduit, through which thefluid is drained 
from the first vessel 1 . 

[0046] 8 is a pressure control valve located in said 
conduct to regulate the pressure in the first vessel 1 . 
15 [0047] The first vessel 1 may be provided with two or 
more nozzles. It is preferable, moreover, that Flow Con- 
trol Valve 6 is located in a branched Conduit 5a rather 
than directly in Conduit 5 to couple a High-pressure 
Pump P and the Nozzle 4. 
20 [0048] Workpiece W is placed within the hermetically 
sealable the first vessel 1 which isfilled with a fluid, such 
as water or oil, allowing the workpiece to be delivered 
and enter, with the space between the first vessel 1 and 
the second vessel 3 being filled with a fluid, such as wa- 
25 teroroil. 

[0049] Said Flow Control Valve 6, Pressure Control 
valve 8 and Pump P are coupled with an electronic con- 
trol device which is not illustrated. And they are control- 
led to attain an optimum pressure, based on a signal 
30 from a pressure/temperature sensor which is not illus- 
trated. 

Specific Action (operation) in Said Embodiment Forms: 

35 [0050] After being placed within the first vessel 1 , 
Workpiece W is hermetically sealed with Lid 2 capable 
of being peened and closed. High-pressure water is In- 
jected from Nozzle 4 to generate Cavitation 9 around 
the jet so to hit the cavitation bubbles against Workpiece 

40 W. The collapsing impact force of the cavitation bubbles 
acts upon the surface of the workpiece, thereby bringing 
about a workpiece-harden ing effect to the surface of the 
workpiece, an improvement of residual stresses and an 
enhancement of fatigue strength. 

45 [0051] To increase the collapsing impactforce of Cav- 
itation Bubble 9, Flow Control Valve 6 is used to control 
the flow rate of the pressurized fluid flowing into the first 
vessel 1 from Nozzle 4 or Pressure Control valve 8 is 
used to control the flow rate of the fluid flowing from the 

50 first vessel to control the pressure of the fluid pressu- 
rized in first vessel. 

[0052] If the first vessel 1 has any portion in gaseous 
phase, moreover, pressurization will require a certain 
time because the gaseous-phase portion is compressed 
55 with the pressurized water. In this embodiment form, 
therefore, the second vessel 2 has its depth increased 
so that the first vessel 1 can be pressurized in a shorter 
time. And the pressure of the fluid filled in the second 
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vessel 3 is used to keep a specified pressure applied to 
the first vessel. This permits the first vessel 1 tobepres- 
surized in a shorter time while allowing the gaseous 
phrase portion in the first vessel to be reduced to the 
minimum possible in a short time. 
[0053] As referred to above, the present invention is 
capable of minimizing the gaseous phase portion in the 
first vessel 1 to be pressurized. Consequently, it is pos- 
sible to reduce the time required to pressurize the first 
vessel 1 . 

[0054] In a case in which the first vessel 1 has an op- 
timum fluid pressure of 5 atmospheres, for example, it 
is assumed that the first vessel contains approximately 
1 2 litres of air. Then, approximately 1 minute is required 
to pressurize the vessel by means of a high-pressure 
pump having a capacity of 10 liters per minute. Conse- 
quently, the time equivalent to the actual working time 
(several seconds thru several minutes, which could be 
reduced, depending upon the arrangement of the noz- 
zle), would be wasted. With the present invention, the 
first vessel 1 is immersed beforehand in the fluid filling 
thesecond vessel. The air in the first vessel 1 , therefore, 
can be reduced to one-tenth or less while enabling a 
reduction of treatment time to one-tenth or less. Further- 
more, in proportion to the depth of the first vessel 1 , a 
specified pressure is kept applied to the first vessel. In 
the above-mentioned case, for example, it is possible to 
reduce the pressurizing time by 1 00% because the pres- 
surization would take zero time when the second vessel 
3 has a water depth of 50 meters even if approximately 
1 2 litres of air is stored in the first vessel 1 . 
[0055] In comparison with the case where the first 
vessel is not pressurized as referred to above, the 
present embodiment form allows for a successful 
achievement of desirable effects, such as a significant 
improvement of residual stresses, an enhancement of 
fatigue strength, a capability of inserting compressive 
residual stresses into the deep portion from the work- 
piece surface, higher efficiency (shorter time require- 
ment), than the case without pressurization, together 
with the capability of hardening the surface of the work- 
piece. 

[0056] Figure 3 shows the pressurization data. In the 

figure, A shows the case with pressurization and B with- 
out pressurization while X stands for the depth at which 
residual stresses may be improved. Compared with the 
case without pressurization, the depth in which com- 
pressive residual stresses penetrate the surface of the 
workpiece is increased twice thru 1 0 times or more with 
pressurization while the treatment time requirement is 
decreased by half thru one-tenth. (This value is attain- 
able when the jet has a discharge pressure of 20 MPa, 
with a nozzle bore ranging from 0.4 to 0.8 millimeters. 
The larger the nozzle and the greater the discharge 
pressure, the more conspicuously effective the pressur- 
ization will be.) 

[0057] The collapsing impact force of the cavitation 
bubble is also dependent upon the fluid temperature. 



With the second vessel 3 located in the periphery of the 
first vessel 1 , and with a fluid temperature control unit 
added to the second vessel 3, the fluid in the first vessel 
can be kept at a constant temperature and controlled to 

5 a range of 30**C through 60*C, within which the cavita- 
tion bubbles come to have an optimum collapsing im- 
pact force. Unless the second vessel 3 is provided, the 
first vessel 1 will have atemperature rise, thereby damp- 
ing the collapsing impact force of cavitation bubbles. At 

10 the same time, there are such hazardous possibilities 
that leakage may take place in the high-pressure pump, 
piping and/or the first vessel 1, or may turn liable to 
break. 

[0058] With water applied, cavitation foams have a 
15 collapsing impact force maximized at a temperature of 
SO^C, intermediate between the boiling and melting 
points. In practical use, it would be hazardous if a high- 
pressure pump or piping had a high temperature (80*C 
or more) at which their resistance to pressure would 
20 show an extreme drop. In this sense, the first vessel 1 
should preferably have a fluid temperature fall within a 
range of 30**C thru 60°C. Installing the second vessel 3 
allows for a reduction of the cavitation noise that takes 
place within the first vessel 1 . Inserting a substance with 
25 different acoustic impedance the first vessel 1 and the 
second vessel will enhance the sound-proof (silencing) 
effect. 

[0059] With the second vessel 3 installed, it is possi- 
ble to eliminate the gaseous-phase portion (com- 
30 pressed gas) in the first vessel 1 as far as possible. Even 
if leakage should take place from the first vessel, it will 
be safe because the pressure in the first vessel instan- 
taneously attenuates for few compressed portions exist 
and the fluid in the first vessel is non-compressive even 
35 if it leaks. If a gaseous phase portion should exist in the 
first vessel, it is hazardous because the portion will in- 
flate, thereby letting the fluid continue jetting out through 
the leaking point. 

[0060] Cavitation bubbles have a collapsing impact 
40 force dependent upon the air content of the fluid in the 
first vessel 1 , too. If the fluid in the first vessel should 
have its air content increased as a result of exposure to 
the atmosphere, the cavitation bubble will have its col- 
lapsing impact force attenuated, In other words, the 
45 treatment capability of the cavitating Jet will be de- 
creased. Installing the second vessel 3, however, pre- 
vents the fluid in the first vessel from being exposed di- 
rectly to the atmosphere. As a result, the fluid in the first 
vessel has its air content scarcely changed so that the 
50 cavitating jet can maintain nearly constant treatment ca- 
pability. 

[0061] Subsequently, the second embodiment of the 
present invention will be described, based on the fig- 
ures. 

55 [0062] Figure 2 is a block diagram of the metal part 
and other surface modification device involved in the 
second embodiment. 

[0063] The device in the second embodiment has a 
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shallower second vessel 3 than that in the first ennbod- 
iment. And the second embodiment is configured so that 
thefluid will overflow atthe upper edge of the first vessel 
while allowing the treatment to be performed just lil<e the 
first embodiment. 

[0064] In the second embodiment, it Is necessary to 
pressurize the first vessel 1 in the interior. 
Similarly to the first embodiment, therefore, the second 
embodiment should have the Lid 2 closed so that the 
fluid may overflow through the clearance of the Lid 2. If 
a weight is placed on the Lid 2 of the first vessel, or a 
spring with a specified spring constant is used to couple 
the lid with the vessel, a resistance can be applied to 
the opening of the lid to mechanically pressurize the first 
vessel. This applied pressure is controllable by means 
of an electronic controller or the like. 
[0065] The third embodiment of the present invention, 
furthermore, will be described while referring to Figure 
4. In the figure, P is a fluid from the high-pressure pump, 
C a cavitating jet, D a lid to hemnetically seal after in- 
serting the workpiece, N a nozzle, W a workpiece and 
6 and 10 flow control valves. 

[0066] The third embodiment differs from the first and 
second embodiments in the method of draining the fluid 
from the first vessel 1 . In other words, the third embod- 
iment has the fluid discharged into the second vessel by 
way of Flow Control Valve 10. In addition, thefluid in the 
second vessel is drained from the second vessel to the 
exterior by way of Flow Control Valve 8. This configura- 
tion allows for an effective elimination of residual bub- 
bles within the first vessel after cavitation forms have 
collapsed. 

[0067] Subsequently, the fourth, fifth and sixth em- 
bodiments will be described, based on the figures. 
[0068] The first, second and third embodiments re- 
ferred to above need to have the workpiece entirely 
placed within a hermetically sealable vessel filled with 
a fluid, such as water or the like. It is necessary, there- 
fore, to provide the first vessel 1 , which is larger than 
the workpiece. It is difficult, therefore, to treat the surface 
of a long workpiece. Additionally, the first, second and 
third embodiments could not be applied to structures 
such as floor, road, bridge, and the like. In addition, they 
involve the problem of inability to treat the surface in the 
interior of a pipe or to clean it on the internal surface. 
[0069] The fourth, fifth and sixth embodiments, there- 
fore, are described herein. The fourth and fifth embodi- 
ments allow us to harden the surface of the workpiece, 
to improve residual stresses and to enhance fatigue 
strength, with the collapsing impact force of the cavita- 
tion bubble acting on the workpiece surface similarly to 
the above-mentioned forms even if the first vessel 1 to 
be pressurized is smaller than the workpiece. In addi- 
tion, a description will be given about the sixth embodi- 
ment, which permits the internal surface of a pipe to be 
treated. 

[0070] Figure 5 depicts the first embodiment of the 
present invention. And Figure 6 is an extended block 



diagram of the first vessel in the fourth embodiment. 
[0071] In Figures, 21 is the first vessel to improve the 
surface of the workpiece. It is configured to have a size 
large enough to partially cover the surface of Workpiece 

5 22 as illustrated. The first vessel 21 is supported with 
Leg Members 30, at the lower part of which Rollers 31 
and others are arranged as shown in Fig. 6 so that the 
first vessel can move onto Workpiece 22. Leg Members 
30 are provided to straddle Workpiece 22. Inside the first 

10 vessel 21 , Injection Nozzle 24 is arranged to inject Cav- 
itating Jet 28 into the vessel. And the flowing path that 
communicates with Nozzle 24 is provided with Flow 
Control Valve 25. To pour a high-pressure fluid into the 
first vessel 21 , Nozzle 26 is arranged inside the vessel. 

15 And the flowing path that communicates with Nozzle 26 
is provided with Pressure Control Valve 27. The first ves- 
sel is provided with pumps which are not illustrated (cen- 
trifugal pump, vortex pump, etc.) to pour a high-pressure 
fluid (pressure 0.1 thru 10 kg/cm^) into the first vessel. 

20 This permits the vessel to maintain a specified pressure. 
In the figure, H stands for a flow leaking from the first 
vessel, G for the portion at which the first vessel has a 
surface blank, and a second vessel 29 that permits the 
workpiece to be delivered and enter freely. 

25 [0072] In this instance. Leg Member 30 with Roller 31 
is configured to support the first vessel 21 . As required, 
however, it is possible to provide the first vessel at the 
lower part directly with Roller 31 movable over Work- 
piece 22. In either case, an appropriate clearance con- 

30 trol means (e.g. magnet or the like) is provided to pre- 
vent the surface of Workpiece 22 and the first vessel 21 
from opening too much, with the first vessel afloat due 
to an action of the high pressure poured into the vessel. 
It is possible, furthermore, to insert an elastic material, 

35 such as spring or the like, between Leg Member 30 and 
21 or the first vessel so that the first vessel can be 
braced on the workpiece side. 

[0073] The fourth embodiment referred to above has 
the action described below. 

40 [0074] Workpiece 22 is arranged in the fluid in the sec- 
ond vessel 29 and the first vessel 21 is placed onto the 
surface of Workpiece 22. Under this condition, a pres- 
surizing fluid is poured into the first vessel and Cavitat- 
ing Jet 28 is injected from Nozzle 24 into the first vessel 

45 21 to generate cavitation aroundthejet so that cavitation 
bubbles will strike Workpiece 22. In this stage, the fluid 
pressure in the first vessel and the pressure in Cavitat- 
ing Jet 28 are controlled, respectively, with Pressure 
Control Valve 27 and with Flow Control Valve 25. The 

50 collapsing impact force of the cavitation bubble acts on 
the surface of the workpiece to bring about a hardening 
effect on the workpiece surface, an improvement of re- 
sidual stresses and an enhancement of fatigue strength . 
The fluid which has carried stains, furthermore, is dis- 

55 charged to the exterior through between the first vessel 
and the workpiece. 

[0075] In this embodiment, Cavitating Jet 28 is gen- 
erated in the pressurized fluid inside the small-sized first 
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vessel 21 , which is loaded on Workpiece 22 which is 
immersed in the fluid inside the second vessel to par- 
tially treat the workpiece. Consequently, it is possible to 
minimize that portion of the first vessel, which should be 
pressurized, so that the time required to pressurize the 
first vessel can be reduced to the minimum possible. 
Since the workpiece is partially treated sequentially, it is 
also possible to treat even a large-sized workpiece with 
ease. 

[0076] In this embodiment, the fluid will leak between 

the first vessel 21 and Workpiece 22. It is necessary, 
therefore, to pour in a larger quantity of the pressurizing 
fluid than such leakage, with a pump otherthan the high- 
pressure one. Since pouring the fluid through the pump 
for such pressurization is not required to generate cav- 
itation, an applicable pump may have a relatively low 
discharge pressure (discharge pressure 0.1 thru 10 kg/ 
cm2 or lower by 1/1 00 thru 1/50 of the discharge pres- 
sure for a cavitating jet pump). Since a certain level of 
flow rate is required, however, it is recommendable to 
employ a pump of different type (centrifugal pump, vor- 
tex pump, etc.) than a cavitating jet pump (generally a 
plunger pump, approximately 10 thru 1,000 kilograms 
per square centimeter). Usually, a cavitating jet pump 
has a flow rate of several litres per minute thru several 
ten liters per minute. It is difficult, therefore, to compen- 
sate for all the flow leaked from the first vessel pressed 
against the surface of the workpiece. A high-pressure 
fluid of a relatively low-pressure type otherthan the cav- 
itating jet high pressure is poured into the first vessel. 
[0077] As referred to above, this embodiment form 
has a significant feature in the sense that the interior of 
thefirst vessel is pressurized by pouring a high-pressure 
fluid, other than the cavitating jet high-pressure fluid, in- 
to small sized the first vessel. The fluid pressure In the 
first vessel; is also controllable by controlling the open- 
ing/closing valve attached to the vessel. 
[0078] Next, the fifth embodiment is described with 
reference to Figure 7. 

[0079] The fifth embodiment is the case where Work- 
piece 22 is arranged above the fluid surface without be- 
ing immersed into the fluid in the second vessel 29. In 
this instance, the configuration is similar to that in Em- 
bodiment form 4, except that the second vessel has a 
water level lower than the surface of the workpiece. In- 
cluded as one of this form's developments is that the 
first vessel is only arranged on the surface of the work- 
piece, with the second vessel eliminated. In Figure 7, 
furthermore, H stands for the flow of the leak from the 
first vessel. 

[0080] The fourth and fifth embodiments above, are 
also applicable to the workpiece carried as loaded on a 
carriage means, such as a belt conveyor or the like. For 
example, the workpiece is placed and moved to the bot- 
tom of Vessel 1 by means of such carriage means. With 
the carriage means stopped subsequently, the first ves- 
sel is moved down to accommodate the workpiece in 
the interior. Under this condition, a cavitating jet high- 



pressure fluid is poured into the first vessel so that the 
workpiece on the carriage means can be treated and 
cleaned similarly to each of the embodiment fomris re- 
ferred to above. 

5 [0081] The sixth embodiment is now described. 
[0082] The sixth embodiment Form 6 is the case 
where the internal surface of conduit formed into a pipe 
or a member is treated. In this instance, a first Member 
(1 St plug) and a second Member (2nd plug) are provided 

10 inside a pipe (conduit) to treat the surface of the conduit 
between these two members. 

[0083] In Figure 8, 41 is the pipe as a workpiece. In- 
side this Pipe 41 , the first Plug 42 and the second Plug 
43 are arranged at specified intervals by means of Con- 
15 necting Rod 44. 

[0084] The first Plug 42 is sealed tightly with liquid on 
the internal surface of the pipe and arranged to be freely 
sliceable. On this first Plug 42, Fluid Drain Port 45 is 
formed and provided with Valve 46 capable of blocking 
20 the port. Valve 46 is pressed against Port 45 by the brac- 
ing force of spring 47 or the like as illustrated. Once the 
fluid pressure in the interior has exceeded a specified 
level, the high-pressure fluid is discharged through Port 
45. For valve formation, the valve of another fomn is us- 
25 able as far as it is functioning identically. 

[0085] The second Plug 43, furthermore, holds Pipe 

48 to pour a pressurized fluid into the piping, and Pipe 

49 to pour a high-pressure fluid for Cavitating Jet C. And 
the second Plug 43 is arranged to have a slight Clear- 
so ance 50 against the internal surface of the pipe in the 

surroundings. Pipes 48 and 49, are provided with pres- 
sure and flow control valves similarly to the embodiment 
forms refen'ed to above so that the fluid pressure sup- 
plied from each pipe can be regulated. In the figure, 51 
35 is the stain attached to the pipe on the internal surface. 
[0086] In this embodiment, the first Plug 42 and the 
second Plug 43, coupled by means of a connecting rod 
in the pipe, are arranged as illustrated to pour an intra- 
pipe pressurization fluid between Plugs 42 and 43. 
40 While keeping both plugs at a specified fluid pressure, 
the high-pressure fluid for Cavitating Jet C is poured in 
to clean the interior of the pipe. With the cavitating jet 
striking the pipe on the internal surface, it is possible to 
treat the surface on the internal surface of the pipe. In 
45 the treatment process, the fluid between the first Plug 
42 and the second Plug 43 is discharged together with 
stains through Gap 50 between the second Plug 43 and 
Pipe 41 . Thus, the first Plug 42 and the second Plug 43 
have their positions gradually moved by an appropriate 
50 nneans so that the pipe can be cleaned and surface- 
treated on the entire internal surface of the pipe. The 
fluid pressure between the first Plug 42 and the second 
Plug 43, may be controlled by opening and closing those 
valves which are provided in either plug. 
55 [0087] In this embodiment form, moreover, the first 
and second plugs are coupled by means of Connecting 
Rod 44. Nevertheless, a connecting string or the like 
may be also employed in the place of such connecting 
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rod. In some circumstances, the first and second plugs 
may not need to be coupled by means of a rod or string. 
In this case, it is necessary to fasten first and second 
plugs inside the pipe by some appropriate fastening 
means, such as friction for or the like so that either plug 
will not move over the internal surface of the pipe due 
to the action of the high-pressure fluid during the treat- 
ment. 

[0088] Figure 9 shows the compressive residual 
stresses that have arisen from treating with compres- 
sive residual stresses introduced into the tool (forging 
die material) employed in the present invention, In Fig- 
ure 9, the material is SKD61 , nozzle diameter 2 millim- 
eters and injection pressure 30 IVIPa. With the first ves- 
sel pressurized (Kin the figure), an enhancing treatment 
can be completed in 10 minutes. Without pressurizing 
the vessel (J in the figure), 150 minutes are required 
while compressive residual stresses remain at a level of 
approximately 60%. 

[0089] Figure 10 depicts the compressive residual 

stresses that have arisen from treating with compres- 
sive residual stresses introduced to carbu rized gear ma- 
terial employed in the present invention. In Fig. 10, the 
nozzle has a diameter of 2 millimeters, with injection 
pressure 30 MPa and pressurizing pressure 0.32 MPa. 
[0090] Figure 11 shows an example comparing the 
worl<piece hardening, with nozzle diameter 2 millime- 
ters, injection pressure 30 MPa and treatment pressure 
0.32 MPa. 

[0091] As referred to above, the fifth embodiment re- 
quires the pressurizing of a first vessel smallerthan that 
of theworkpiece. Even the surface of a long steel plate, 
a large-sized die or the like, which cannot be placed 
within the first vessel, can be treated with ease. The 
present process, moreover, is applicable to floor clean- 
ing by a cavitating jet. Additionally, the pressurizing wa- 
ter to be poured Into the first vessel may be provided 
separately from the pressurizing water for cavitating jet 
so that the equipment can be set up at a lower cost with- 
out the necessity of providing a large-capacity plunger 
pump. 

[0092] In the sixth embodiment, it is also possible to 
readily treat and clean the internal surface of a pipe, with 
a pressurizing section formed inside the pipe. 
[0093] Described above are a variety of embodiment 
forms involved in the present invention. Nevertheless, 
flow control valves, pressure valves and the like are 
available in either automatic or manual control types. 
For fluid, either water or oil and the like are applicable. 
In each embodiment form referred to above, the fluid 
may have its temperature rise excessively because the 
motor power may change into heat through a cavitating 
jet when it is poured into the first vessel. In this case, 
the pressure in the first vessel is utilized to cool down 
the fluid in the first vessel by sending the fluid to various 
cooling means known to the public other than the first 
vessel. Later, it is possible to re-supply the pump with 
the fluid again. If such a technique of feeding the fluid 



pressure in the first vessel to another cooling means is 
employed, it is unnecessary to provide a new pump to 
send the fluid in the first vessel to the cooling means so 
that the fluid can be readily cooled down in reality. 
5 [0094] To pour the cavitating jet and pressurizing flu id 
into the first vessel, it is possible to arrange both cavi- 
tating jet nozzle and pressurizing water nozzle adjacent- 
ly in each of the embodiment forms referred to above. 
In addition, a cavitating jet nozzle may be located at the 
center of the vessel and the pressurizing water pouring 
nozzles may be arranged to surround the former so that 
the cavitating jet can strike the workpiece as if it were 
surrounded by the pressurizing water. 
[0095] In addition, it is possible to change the posi- 
tional relations between cavitating jet nozzle and pres- 
suring water pouring nozzle to anotherform as required. 
It is possible, as might be required, to freely set the ar- 
rangement of the workpiece, based on its shape. As an 
example, it is possible to form the nozzle itself as an 
integral part of the vessel. 

[0096] The present invention may be also embodied 
in any other forms without departing from its sprits and/ 
or principal features. In this sense, the embodiment 
forms referred to above are given for the purpose of ex- 
ample and must by no means be interpreted in any re- 
strictive sense. 

Industrial Applicability 

[0097] With the prevent invention as described in de- 
tail above, the workpiece is placed within first vessel, 
which is in turn hermetically sealed. Then, a high-pres- 
sure fluid is injected from a nozzle to generate the cav- 
itation around the jet to strike cavitation bubble against 
the workpiece. Consequently, the collapsing impact 
force of the cavitation bubble acts on the workpiece, 
thereby bringing about the surface modification and 
cleaning effects, such as workpiece hardening, residual 
stress improvement, fatigue strength enhancement and 
so on. In a case in which a method of loading a first ves- 
sel on the workpiece is employed, it is also possible to 
improve the surface of a long steel plate, a large-sized 
die and the like. In addition, it is also applicable for clean- 
ing the floor by a cavitating jet. Forming a pressurizing 
section in a pipe or conduct, will also permit the internal 
surface of the pipe to be treated and cleaned. If the 
poured water to pressurize the first vessel is provided 
apart from the cavitating jet pressurizing water, it is also 
possible to set up the equipment at a lower cost without 
the necessity of a large-flow plunger pump. Such excel- 
lent effects as referred to above could be brought about 
by the present invention. 
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Claims 

1. A metal part and other surface modification and 
cleaning method, in which the part to be treated is 
placed within afirst vessel which is filled with a fluid, 
which flows into the first vessel located at a distance 
from the surface of said part and flows from the first 
vessel with this fluid's flow rates controlled to pres- 
surize the first vessel to increase the collapsing im- 
pact force of a cavitation bubble, which is in turn 
used to apply a peening effect to the surface of the 
part to strengthen and clean the surface of the treat- 
ed part. 

2. A metal part and other surface modification and 
cleaning method, in which the part to be treated is 
placed within afirst vessel, which is filled with a flu id, 
and said first vessel is placed within a second ves- 
sel, which is filled with a fluid, to generate cavitation 
by injecting the pressurized fluid from a nozzle dis- 
tant from said part on the surface so that the col- 
lapsing impact force of the cavitation bubble may 



be used to strengthen and clean the surface of the 
treated part by applying a peening effect to the sur- 
face of the part. 

5 3. A metal part and other surface modification and 
cleaning method according to Claim 2 above, in 
which the first vessel is pressurized by controlling 
the flow rates of both fluids flowing in and out of said 
first vessel to increase the collapsing impact force 

10 of the cavitation bubble and to strengthen and clean 
the treated part by applying a peening effect under 
such impact force. 

4. A metal part and other surface modification and 
15 cleaning method according to Claim 2 or 3 above, 
in which a substance with different acoustic imped- 
ance is inserted between said first and second ves- 
sels. 

20 5. A metal part and other surface modification and 
cleaning method according to any one of claims 2 
thru 4, in which the fluid in said first vessel has its 
temperature controlled by controlling the tempera- 
ture of the fluid that fills the space between said first 

25 and second vessels. 

6. A metal part and other surface modification and 
cleaning method according to any one of Claims 1 
thru 5 above, in which the cavitating Jet to be inject- 

30 ed into the first vessel is sent to the cooling means 
from the first vessel and returned to a cavitating jet 
pump after cooled in said cooling means. 

7. A metal part and other surface modification device 
35 composed of a first vessel capable of accommodat- 
ing the part to be treated, a lid hermetically enclos- 
ing the first vessel, a second vessel capable of ac- 
commodating said first vessel, a nozzle to inject a 
pressurized fluid into the pressurized fluid, a flow 

40 rate control valve to control the jet pressure from 
said nozzle and a pressure control valve to control 
the fluid pressure in the first vessel. 

8. A metal part and other surface reforming device ac- 
45 cording to claim 7 above, in which two or more said 

nozzles are provided. 

9. A metal part and other surface modification device 

according to any one of claims 6 thru 8 above, in 
50 which said second vessel is configured to have a 
larger depth than the height of the first vessel. 

10. A metal part and other surface modification device 
according to any one of claims 6 thru 9, in which a 

55 substance with different acoustic impedance is ar- 
ranged between said first and second vessels. 

11. A metal part and other surface modification device 
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according to any one of claims 6 thru 9 above, in 
whicli tlie lid on said first vessel is closed with a 
specified force. 

12. A metal part and other surface modification device 
according to any one of claims 6 thru 11 above, in 
which a means of heating or cooling the fluid in said 
second vessel is provided. 

13. A metal part and other surface modification device 

according to any one of claims 6 thru 12 above, in 
which said part to be treated is loaded on a carriage 
means to carry such part to be treated. 

14. A metal part and other surface modification and 

cleaning method, in which the first vessel, which is 
filled with a fluid, is placed on the part to be treated 
and the fluid is flowed into said first vessel to pres- 
surize the first vessel in the interior, with the collaps- 
ing impact force of the cavitation bubble increased 
by injecting the pressurized fluid to generate cavi- 
tation in said first vessel so pressurized so that said 
impact force may be used to treat, strengthen and 
clean the surface of the part by applying a peening 
effect to the part. 

15. A metal part and other surface modification and 
cleaning method, in which the part to be treated is 
placed within the first vessel which is filled with a 
fluid, which is in tum flowed into said first vessel to 
pressurize the first vessel in the interior, with the col- 
lapsing impact force of the cavitation bubble in- 
creased by injecting the pressurized fluid to gener- 
ate cavitation in said first vessel so pressurized so 
that said impact force may be used to treat, 
strengthen and clean the surface of the part by ap- 
plying a peening effect to the part. 

16. A metal part and other surface modification and 
cleaning device equipped with a first vessel placed 
on the part to be treated, with a nozzle to inject a 
pressurized fluid into the first vessel, and with a noz- 
zle to inject a cavitating jet into the pressurized fluid 
in the first vessel to strengthen and clean the sur- 
face of the part to be treated by applying a peening 
effect to the surface of the part under the collapsing 
impact force of the cavitation foam. 

17. A metal part and other surface modification and 
cleaning device according to claim 16 above, in 
which such device is an integral part of said first ves- 
sel, a nozzle to inject a pressurized fluid into the first 
vessel, a nozzle to inject a cavitating jet into the 
pressurized fluid in the first vessel. 

18. A metal part and other surface modification and 
cleaning device according to either Claim 16 or 17 
above, in which such device is so configured as to 



control the pressure of the fluid in said first vessel 
by such a fluid pressure regulator means as a valve 
or the like. 

5 19. A metal part and other surface modification and 
cleaning device according to either one of Claims 
16 thru 18 above, in which said part to be treated is 
immersed in the fluid in the second vessel. 

10 20. A metal part and other surface modification and 
cleaning device according to claim 19 above, in 
which said part to be treated is placed above the 
surface of the fluid filled in the second vessel. 

15 21. A metal part and other surface modification and 
cleaning device according to any one of claims 7 
thru 20 above, in which a means of cooling the cav- 
itating jet fluid to be injected into the first vessel is 
provided. 

20 

22. A metal part and other surface modification and 
cleaning device according to any one of claims 16 
thru 21 , in which a pressurized fluid is injected into 
said the first vessel as if it surrounded the cavitating 

25 jet fluid. 

23. A metal part and other surface modification and 
cleaning method, in which the part to be treated, 
such as a pipe-shaped part or conduit or the like, 

30 has a fluid-pressurizing chamber formed within the 
pipe or conduit to inject a cavitating jet into such 
pressurized fluid and to increase the collapsing im- 
pact force of the cavitation bubble so that the inter- 
nal surface of the pipe may be strengthened and 

35 cleaned by using such impact force to apply a peen- 
ing effect to the internal surface of the pipe. 

24. A metal part and other surface modification and 
cleaning device equipped with a first member and 

40 a second member to form a fluid-pressurizing 
chamber in a pipe or conduit, with a nozzle to inject 
a pressurized fluid between said first and second 
members, and with a nozzle to inject a cavitating jet 
into said fluid pressurizing chamber, to strengthen 

45 and clean the surface of the treated part by using 
the collapsing impact force of the cavitation foam to 
apply a peening effect to the surface of the part. 

25. A metal part and other surface modification and 
50 cleaning device according to claim 24 above, in 

which either the first or second member is provided 
with a fluid pressure regulator means to regulate the 
fluid pressure in the fluid-pressurizing chamber. 
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